Emergence of Staphylococcus isolates with reduced susceptibility to chlorhexidine is being 13 increasingly reported. We present an update to a previous report showing continuing efficacy 14 of chlorhexidine-based infection control measures against Staphylococcus aureus over six 15 years. We screened qacA/B genes in Staphylococcus isolates collected over another six 16 years in the same intensive therapy unit in Scotland where chlorhexidine baths form an 17 essential component of long-term control of nosocomial infections. Consistent with our 18 previous study we report minimal presence of qacA/B in S. aureus strains from screening 19 samples and bacteraemia patients but the new finding of a high proportion of qacA/B 20 carriage in Staphylococcus epidermidis associated to reduced susceptibility to chlorhexidine. potentially associated with resistance. Qac genes encode for proton-dependent efflux pumps 48 which are known to bind a variety of lipophilic cations including quaternary ammonium 49 compounds such as chlorhexidine. Of the genes known to be associated with biocide 50 resistance, qacA has been more strongly associated with decreased susceptibility to 51 chlorhexidine in Staphylococcus (8, 12). The QacB efflux pump carries amino acid 52 differences compared with QacA including a substitution from Asp to Ala which determines 53 inability to bind divalent cations (13). QacA/B genes are located on mobile genetic elements 54
INTRODUCTION 31
For over 50 years, chlorhexidine-based preparations have been used with remarkable 32 success for control of healthcare-associated infections, for example use of chlorhexidine 33 baths for the prevention and control of methicillin-resistant Staphylococcus aureus (MRSA) 34 in hospitals (1) . It has been recently shown that universal decolonization of patients in 35 intensive care settings was more effective than targeted strategies in reducing MRSAaround use of targeted versus universal decolonisation approaches is still ongoing (4). 38
Indeed, a number of reports have suggested the emergence of Staphylococcus clinical 39 isolates with decreased susceptibility to chlorhexidine in vitro (5-8), although the clinical 40 significance of these findings is still controversial (9-11). Phenotypic susceptibility to 41 chlorhexidine is mostly based on assays which measure MICs and MBCs. Measurement of 42 chlorhexidine MIC and MBC relates to bacteria tested against much lower concentrations of 43 chlorhexidine compared to those achieved in clinical practice. The lack of agreed breakpoint 44 values for biocide susceptibility testing along with other limitations inherent to phenotypic 45 measurement of susceptibility to disinfectants has hampered the development of 46 standardised assays (9) and encouraged screening of clinical isolates for genetic markers 47 potentially associated with resistance. Qac genes encode for proton-dependent efflux pumps 48 which are known to bind a variety of lipophilic cations including quaternary ammonium 49 compounds such as chlorhexidine. Of the genes known to be associated with biocide 50 resistance, qacA has been more strongly associated with decreased susceptibility to 51 chlorhexidine in Staphylococcus (8, 12). The QacB efflux pump carries amino acid 52 differences compared with QacA including a substitution from Asp to Ala which determines 53 inability to bind divalent cations (13). QacA/B genes are located on mobile genetic elements 54
and their co-presence on plasmids with antibiotic resistance genes has pointed to the 55 possibility of cross-resistance between biocides and antibiotics in Staphylococcus (10, 14). 56
However, it is yet unclear whether or not the presence of qac genes selects for the presence 57 of antibiotic resistance genes. 58
Another medically important Staphylococcus species is Staphylococcus epidermidis. While 59 previously considered to be a non-pathogenic skin commensal, it is now recognized a key 60 opportunistic pathogen associated with nosocomial infections including bacteraemias. Qac 61 genes have been identified in S. epidermidis (11, 15) . Some studies have suggested 62 horizontal transfer of plasmids carrying qac genes among strains of S. aureus and other 63 and quality-assessed on a Tapestation (Agilent Technologies, Santa Clara, CA) with genomic 92 DNA screentapes. 93
2.3
qacA/B PCR: Bacterial 16S rRNA gene was amplified using the universal eubacterial 94 primers 27F and 1492R to confirm DNA suitability for further analysis. The 16S rRNA PCR 95 yielded a product of approximately 1500bp. Qac genes (qacA and qacB) were identified using 96 previously described specific primers (8) which yielded a product of approximately 800bp. 97
2.4
Whole genome sequencing: Dual indexed TruSeq libraries were prepared from 98 200ng of genomic DNA using the TruSeq Nano DNA library preparation kit (Illumina, San 99 Diego, CA) according to the manufacturer's instructions using a Bioruptor Pico (Diagenode, 100
Seraing, Belgium) for fragmentation to 550bp. Libraries were quantified by qPCR, pooled at 101 equimolar concentrations and 14pM of the pool was sequenced on a MiSeq using version 3 102 chemistry and 300bp paired end reads (Illumina, San Diego, CA), with 29.3 million pass filter 103 reads generated. 104
2.5
Sequence analyses: Sequences were trimmed using Trimmomatic (18), assembled 105 using SPAdes (19) and quality-assessed with QUAST (20 showed 99-100% homology to the full length qacA, while 3 strains (STAPH51, STAPH53, 135 STAPH59) showed 5-6 nucleotide differences compared to qacA ( Table 1) . Three of these 136 single nucleotide polymorphisms result in single amino acid substitutions present in qacB 137 (C455T, G871A, T1139C) and have been named qacAB in Table 1 . Polymorphic sites of qac 138 nucleotide sequences relative to qacA and respective amino acid substitutions are 139 summarised in Table 2 . STAPH77 appeared to carry only a partial qacA sequence (3' 450bp 140 fragment) although a contig break in the middle of the gene and the absence of upstream 141 sequences hindered detailed analysis of the strain. 
Clonality of qac positive S. epidermidis strains. S. epidermidis isolates positive 155
for qacA/B were clonally diverse with 13 out of 20 (65%) of isolates belonging to the 156 multidrug resistant clone ST-2 found prevalent in hospital-acquired infections (23) ( Table 1) . 157
Multidrug resistance of qac positive ST-2 S. epidermidis strains was confirmed by sensitivity 158 testing to a broad range of antimicrobials (Supplemental table 1 ). Both STAPH51 and 159 STAPH59 harbouring the highest number of qacA polymorphisms belonged to ST-83 (Table  160 1). The sequence types accounting for the other 5 qac positive S. epidermidis strains were 161 ST-5, ST-559, ST-59, and ST-48 ( Table 1) . As observed for ST-2 these 4 types were also 162 associated with multidrug resistance (Supplemental (enoyl-acyl-carrier protein reductase) (26) and the F204L mutation in gene fabI were 175 identified in 8 and 2 strains respectively with STAPH51 carrying both determinants (Table 1) . 176
Five of these strains were also mupirocin resistant ( Table 1) . As previously reported sh-fabI 177 was co-present on the plasmid harbouring qacA (26), but also observed in qac negative 178 STAPH67 (Table 1) . 179 
